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Abstract. -Resonant Raman s c a t t e r i n g (RS), h o t luminescence (H&)
and o r d i n a r y luminescence (OL) were s t u d i e d i n t h e s p e c t r a of S2 and Se2 impurity molecules i n K1 a t v a r i o u s f r e q u e n c i e s of l a s e r e x c i t a t i o n and temperatures. C h a r a c t e r i s t i c times of phase r e l ax a t i o n i n t h e e x c i t e d e l e c t r o n i c s t a t e caused by phomn s c a t t e ring were estimated. I n c o n t r a d i c t i o n w i t h t h e simple v e r s i o n of t h e RSE theory no resonance i n t h e Raman s c a t t e r i n g c r o s s sect i o n was observed when t h e e x c i t a t i o n frequency was c l o s e o r i n resonance with a sharp no-phonon absorption l i n e .
1. Model and t h e o r e t i c a l formulas. -Theory of RSE of a r a p i d l y r e l a xing c e n t e r p r e d i c t s t h r e e components i n t h e spectrum I (v1, v Z ) c o r r e sponding t o t h e t h r e e s t a g e s of t h e transformation of t h e primary photon v l i n t o t h e emitted secondary phonon v 2 . A model w i t h only one l oc a l v i b r a t i o n Q i n t e r a c t i n g w i t h l a t t i c e phonons i s considered [1, 2] .
The anharmonic decay rm and t h e phase r e l a x a t i o n r2 due t o phonon s c a t t e r i n g a r e taken i n t o account. Under monochromatic s t e a d y e x c i t at i o n i n resonance w i t h t h e v i b r o n i c t r a n s i t i o n v l = v + "' (ve -f r equency of t h e e l e c t r o n i c t r a n s i t i o n ; prime r e f e r s t o t h e e x c i t e d e l e ct r o n i c s t a t e ) i n t h e low-temperature l i m i t Here K ( V~ -v e ) i s t h e absorption spectrum of t h e photon v l . RS i s t h e spectrum of photons v 2 emitted b e f o r e any r e l a x a t i o n has taken place: where i s t h e Franck-Condon f a s t o r . HL i s t h e emission from t h e s t a t e s where t h e phase memory i s l o s t , b u t t h e population of v i b r a t i on a l l e v e l s has n o t y e t reached thermal e q u i l i b r i u m with t h e l a t t i c e :
L=l where q i s t h e population of t h e v i b r a t i o n a l l e v e l L under e x c i t a t i o n m L t o t h e l e v e l m. OL i s t h e emission from v i b r a t i o n a l l e v e l s i n thermal equilibrium with phonons (from = 0 a t low temperatures):
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C6-506 JOURNAL DE PHYSIQUE where y-l is t h e r a d i a t i v e l i f e t i m e . I t should b e p o i n t e d o u t t h a t t h e model and formulas do n o t t a k e i n t o account t h e phonon sidebands and
h e Franck-Condon f a c t o r s . The RSE spectrum of ~e i c o n t a i n i n g a l l t h r e e components -
RS, HL and OL, i s shown i n f i g u r e 1 ( s e e a l s o 153 ) . The dependence of t h e i n t e n s i t i e s of RS o v e r t o n e s on t h e i r o r d e r ( v e r t i c a l l i n e s i n t h e lower p a r t of f i g u r e 1) i s non-monotonic i n a c c o rdance w i t h c a l c u l a t e d Franck-Condon f a ct o r s (curve 1) . The experimental H L spectrum ( s o l i d l i n e ) i s i n accordance w i t h t h e t h e o r e t i c a l one (dashed l i n e ) obtained from ( 3 ) as a smoothed sum of many HL so0 600
,,A, t r a n s i t i o n s . From t h e r e l a t i o n of t h e l F, :
summary i n t e n s i t y of RS l i n e s t o t h a t of t h e OL t h e phase r e l a x a t i o n time l ' ; ' was found t o be 10' times s h o r t e r t h a n t h e o p t i c a l l i f e t i m e y -l . The absence of nophonon l i n e s i n t h e H L spectrum of se; may b e caused by r e l a t i v e l y s h o r t l i f e - 
s n o t enough t i m e f o r t h e r m a l i z a t i o n of t h e phonon e x c i t e d a t t h e impurity. So, when t h e HL t r a n s i t i o n t a k e s p l a c e , t h e phonons a t t h e c e n t r e a r e s t i l l h o t ( t h e Debye-Waller f a ct o r is c o n s i d e r a b l y s m a l l e r t h e n f o r O L ) . For t h i s i n t e r p r e t a t i o n
(1) no-phonon l i n e s a r e a b s e n t i n t h e OL a l r e a d y a t 30 K; ( 2 ) t h e l o c a l mode of ~e i can decay i n t o o n l y two l a t t i c e phonons. F i g u r e 2 shows t h e RSE spectrum of S; i n K1 under e x c i t a t i o n i n resonance w i t h t h e no-phonon l i n e of L = 4 . O n a broad background t h e RS l i n e s a r e w e l l d i s p l a y e d 161, and some of t h e HL no-phonon l i n e s may b e i n d i c a t e d . The background and i t s c o n s i d e r a b l e i n c r e a s e w i t h temperat u r e i s due t o RS and H L t r a n s i t i o n s i n which l a t t i c e phonons a r e i nvolved. The i n t e n s i t y r e l a t i o n of RS1 ( f i r s t -o r d e r ) l i n e t o t h e HL i n d i c a t e s t h a t t h e phase r e l a x a t i o n r a t e i n c r e a s e s w i t h temperature more r a p i d l y t h a n t h a t of t h e energy r e l a x a t i o n .
Both RS and O L i n t e n s i t i e s should f o l l o w t h e a b s o r p t i o n spectrum when t h e e x c i t a t i o n frequency i s v a r i e d ( s e e formula (1) ) . F i g u r e 3
shows t h a t it i s t h e c a s e w i t h t h e p u r e l y -e l e c t r o n i c l i n e of O L f o r e x c i t a t i o n f r e q u e n c i e s i n t h e v i c i n i t y of t h e no-phonon l i n e L = 3 ( t h e O L e x c i t a t i o n spectrum i s shown), b u t n o t s o w i t h t h e RS1 l i n e . Defin i t e l y , t h e r e i s no resonance i n t h e RS c r o s s s e c t i o n , i.e. t h e v e r y simple formulas ( l ) , (2) f o r RS a r e inadequate. A more e l a b o r a t e d v e rs i o n of t h e t h e o r y t a k i n g account t h e non-resonant l e v e l s , phonon wings and t h e dependence of t h e e l e c t r o n i c m a t r i x elements on v i b r at i o n s i s needed.
